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The progress of production epitaxy is relentless, and the market success of this tier of the compound semicon- 
ductor industry looks likely to get even better. But success brings its own challenges. For production epi that 
means less about gaining orders than boosting capacity to meet demand. Applications are booming, not just 
for present technologies but also in next-generation systems at ever-higher frequencies. Epi will be crucial in 
making these a commercial reality. 
A few issues ago we looked at how epi growers were equipping themselves with 
new tools to boost productivity 
and yields via in-situ monitoring 
(III-P3 Reviezu,Vol. 13, No. 1, p24 >. 
This will prove indispensable over 
the longer term but today the 
biggest challenge is to keep up 
with investment in capital equip- 
ment and to get it on-stream in 
time. The key issue is matching 
supply with demand.This two-part 
article will cover many aspects of 
production epi: part 1 focuses on 
the manufacture of GaAs devices 
by MBE; Part 2 will cover MOCVD 
and other aspects such as substrate 
and characterisation. 
Everyone is benefiting, from 
source and substrates to reactors 
and characterisation equipment, 
with hardly a month passing with- 
out news of a slew of new orders, 
not only from existing epi suppli- 
ers but also from start-ups and 
spin-offs.A burgeoning market dri- 
ven by demand for heterostructure 
devices has woken up companies 
and investors to production epi. 
Well-established merchant epi ven- 
dors are thus faced with competi- 
tion‘not only between themselves 
and in-house captive supply but al- 
so from new entrants. We spoke to 
some key figures in the field to so- 
licit their opinions on where the 
market is heading.We also draw on 
some provisional data from the 
forthcoming third edition of the 
Strategic Study of GaAs Electronic 
Materials C Devices. 
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Implant and MBE/ 
MOCVD 
Before we get carried away, we 
should remind ourselves that, last 
year, implant-based wafers (i.e. 
MESFETs) still amounted to about 
70% of the market. The history of 
device active-layer manufacture saw 
an early dominance by VEE 
MESFETs in the 1970s the emer- 
gence of implant in ’80s then 
erosion in favour of MBE/MOCVD 
in the ’90s. 
By the end of the ’90s the domi- 
nance of ion implantation was 
waning. So-called “second-genera- 
tion” devices based on heterostruc- 
ture technologies mandated the 
epitaxy method. Nevertheless, the 
economics of the implanter will 
make it a method of choice should 
it prove practicable for device 
manufacture. 
Figure 1. RISER’S MBE 6000 is fully qualified for MESFET/PHEMT/HBT epi-wafer mass 
production, and is available in a 4 x 6” or 9 x 4”configuration (Photo courtesy of TRW lnc). 
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Figure 2. VG Semicon’s V150 MBE system, which can accommodate either 9 x 4” or 4 x 6” 
wafers. 
The new decade has seen the 
balance of power shifting further 
towards epitaxy in dollar terms if 
not in actual wafer area. However, 
this stands to erode still further 
over the next five years, so perhaps 
by 2005 epi will have returned to 
its dominance of the ’70s. 
Nevertheless, the implanter will 
likely soldier on, providing 
isolation implants for HBTs, for 
example. 
Today two tool approaches are 
popular in meeting demand for 
high volumes of epiwafers: 
MBE and MOCVD. Each has its 
pluses and minuses, depending on 
device type and user preferences. 
Companies like Picogiga have 
done well with MBE, while Kopin 
is enjoying success with MOCVD- 
based epi-wafer production (III-R 
R&ew,Vol. 12,No. 5,1999, ~14). 
Two IC manufacturers to suc- 
ceed with MBE are TRW and RF 
Micro Devices. In late ‘99, RFMD 
opened two MBE-based fabs to pro- 
duce GaAs HBT, while TRW provides 
RFMD with 70m additional chips. In 
fact, says TRW’s Jack Pritchett, 
“BFMD started out as a design house 
and came for foundry services to 
TRW” (which had been developing 
GaAs HBTs since the late 1980s as a 
contractor in the US government’s 
Microwave and Millimeter-Wave 
Monolithic Integrated Circuit “MIM- 
IC” program.) 
However, TRW licensed its 
AlGaAs I-IBT process (below 10 
GHz) in 1996 to RFMD, which has 
since captured a leading position in 
the cellular and PCS handset mar- 
kets, he says. In October ‘99,TRW 
expanded the agreement to permit 
RFMD to supply GaAs HBT for com- 
mercial coaxial and other non-fibre 
wire applications, including the 
broadband wired market (e.g. cable 
television distribution amplifiers, ca- 
ble modems, digital television con- 
verters and television tuners, both 
analog and digital). 
As well as HBTs, since they 
share threequarters of the process 
steps, TRW also fabricates HEMTs 
on the same GaAs production line, 
taking advantage of experience 
with millimeter-wave systems com- 
mercial broadband telecoms above 
15 GHz (e.g. Local Multipoint 
Distribution Services, which is just 
beginning to provide wireless 
Internet access in US cities). 
To maintain the perspective 
with MBE vis-a-vis 6” multi-wafer 
production, we should pause to 
comment on MOCVD.Today’s mul- 
ti-wafer MOCVD systems can han- 
dle up to 8 x 6” wafers per platen. 
Also, points out Holger Jurgensen, 
President of AIXTRON AG (Aachen, 
Germany), an issue is how much 
process development has been 
done by the equipment supplier 
while developing the systems. “At 
the multi-wafer 6” level, for 
MOCVD not only AlGaAs/ 
InGaAs/GaAs processes (for 
pHEMT or generic HBT) but also 
the GaInP/GaAs processes have 
undergone several years of process 
development before the equip 
ment was brought to the market”. 
“Today there are more than 50 
machines with capacity of 5 x 6”, 
by this I include our AIX 26OOG3 
type...For example, Kopin and oth- 
ers are getting delivery of one ma- 
chine per month.” 
In fact, according to Kopin’s 
Matthew Micci, Kopin has “phased” 
introduction, by first buying eight 
AIX 2400 5 x 4” reactors which 
“could quickly be installed” and, as 
more mature tools, gave customers 
“peace of mind”.Then - “to support 
the emerging 6” market” - two 5 x 
6”/9 x 4” AIX 2600s have also been 
installed, with six more to follow 
this year, giving a total capacity of 
300,000 4” and 120,000 6” 
wafers/year. Only 2600 or larger 
systems will be bought in future. 
Three multi-wafer 
MBE contenders 
However, recently the marketplace 
has taken an unexpected turn with 
a “new” entrant, at a time when this 
sector was changing into high gear 
to provide true 6” multi-wafer MBE 
capability. This year has seen the 
first orders for a serious challenger 
to the Riber MBE49 vs VG Semicon 
Vl 00 duopoly with the launch of 
the GEN2000 from EPI MBE 
Products Group. 
We will look at each offering in 
turn, with quotes from each player 
on their view of the marketplace. 
The Riber approach 
With 4” very popular and a big 
push on 6”, each month we hear 
of more purchases of the very 
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sophisticated systems required to 
tap this market. III--F/‘s Review 
spoke to Michael Levy, Riber’s 
sales and marketing director, “The 
market acceptance of the Riber 
MBEGOOO has been extraordinary. 
More than 12 of these 4” or 6” 
multi-wafer systems have been or- 
dered to-date, and four of them 
have already been delivered. Our 
MBEGOOO manufacturing capacity 
was doubled last year, and it al- 
ready looks like we will need to 
accelerate our expansion program 
in order to keep up with future 
demand.” 
The MBEGOO is going to mer- 
chant suppliers and device houses 
for high throughput based on ei- 
ther 4” or 6” wafers. “The main 
applications are MESFETs, pHEMTs 
and HBTs,” says Levy “These are 
primarily used in power amplifiers 
and switches in cell phones. We are 
continually amazed at the pub 
lished projections for the size of 
these markets - they are constantly 
being surpassed by reality!” 
According to Levy, “Our 
MBEGOOO (see Figure 1) gives the 
flexibility of using either a 9 x 4” 
platen configuration or of growing 
6” epi-wafers on a 4 x 6” platen. 
This reactor is the most rugged 
production tool on the market, 
providing up to 80 x 6” or 180 x 
4”wafers of cassette loading for full 
batch processing.” 
“Part of the success of this sys- 
tem, has been our evolutionary ap 
proach.We have learned - the hard 
way - that steep step-changes in 
this industry can often be detri- 
mental. By proactively listening to 
our customers we have identified 
and implemented the incremental 
improvements that make our 
systems the most reliable in the 
industry.” 
“This approach helped turn 
our fast multi-wafer production 
system, the MBE49, into a success 
story,” Levy added. “Today, this re- 
actor has the largest installed base 
of any 4 x 4” MBE system....It has 
become a favourite for MBE-based 
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Figure 3. Views of EPI MBE’s GEN 2000 MBE system, modeled after equipment commonly 
used in silicon device processing, using a cluster fool wafer handling system. 
pump laser manufacturers, with 
multiple-orders from several key 
players.” 
For Levy, “The challenge is to 
stay focused on the key benefits 
that production demands: high 
throughput, excellent material 
quality, and, perhaps above all, out- 
standing reliability.” Levy is con- 
vinced that “With its more than 
370,000 square inches yearly out- 
put, better than 1% uniformities, 
and a rugged design based on the 
field-proven MBE49, the MBEGOOO 
delivers on all of these basic pro 
duction needs.” 
“Evolution, as opposed to revo- 
lution” concluded Levy, “requires 
you to continually adapt to ever- 
changing market needs. The 
phenomenal growth in the key 
end-user application markets is fu- 
elling appetites for ever-greater 
throughput to drive down costs. It 
is clear that the MBEGOOO cannot 
be our last word in high-volume 
multi-wafer MBE systems.” 
The VC Semicon 
approach 
III-F3 Review also spoke to Philip 
Sullivan of VG Semicon, which 
has achieved success with its 
V150 high-volume 4” or 6” MBE 
system (see Figure 2). “The platen 
size accommodates either 9 x 4” 
or 4 x 6” wafers. Depending on 
the version of our VlOO used for 
comparison, the V150 provides 
up to three times the 4” through- 
put based on the platen size 
alone and four times the 6” 
throughput. 
“In its most common eontigu- 
ration, the V150 has two indepen- 
dently operated cassette entry 
chambers, each of which allows 
eight platens to be loaded. Thus 
the total wafer load is 64 x 6” 
wafers or 144 x 4” wafers,” he 
adds. This means that the 
machine’s 4” throughput is in the 
region of 50,000 wafers per year 
for a pHEMT process. “But a criti- 
cal merit of this product is that it 
addresses the throughput de- 
mands not only by scaling the sys- 
tem but also by advancing MBE 
technology”. 
A good example is ease of turn- 
around (i.e. time between growth 
campaigns to reload, clean up and 
bake). “The V150 is designed to al- 
low this to be done more quickly 
than previous-generation sys- 
tems”. This is accomplished by a 
unique feature: the sources are 
loaded on a demountable base 
flange (see Figure 2) which can 
be lowered and retracted, allow- 
ing the user complete and easy ac- 
cess to the source area and, 
equally importantly, to the upper 
chamber for easy clean-up. “In this 
critical respect the V150 is not 
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merely a scale-up of the previous- 
generation platform but truly ad- 
vances the technology.” 
Another key area is process sta- 
bility, says Sullivan.“We have invest- 
ed a great deal of development 
resources into a new range of 
sources called ThermoCells. These 
provide flux stability (i.e. long- 
term stability of growth rate) im- 
provement of about a factor of 10 
over the previous generation of 
sources (from any vendor). All 
of the design changes come from 
specific knowledge of user require- 
ments from theVlO0 user group”. 
“The V150 therefore could be 
described as a true ‘new 
generation’ product,” he added. 
“One that addresses today’s insa- 
tiable appetite for 4” wafers and 
also the rapidly emerging 6” mar- 
ket. VG Semicon’s VlOO product 
has been an enabling platform for 
the worldwide pHEMT and HBT 
business, with historically by far 
the largest market share for the 
production of these devices. The 
V150 has been specifically de- 
signed as the next-generation 
product to satisfy the ever-bur- 
geoning high-volume demands of 
the marketplace.” 
EPI MBE’s new 
approach 
EPI MBE Products Group, with 14 
years of MBE manufacturing expe- 
rience, recently released its revolu- 
tionary multi-wafer production 
MBE system, the 7 x 6” capable 
GEN2000. As with their other 
products, they have taken a fresh 
approach to designing production 
MBE systems. Instead of scaling up 
an existing piece of equipment, 
they looked for a successful model 
to emulate, and had to look no fur- 
ther than the silicon industry 
Tom Bird, Marketing Director - 
Automated MBE Systems, told 
ZZZ-Vs Review that, “EPI has mod- 
elled its system after equipment 
commonly used in the processing 
of silicon semiconductor devices, 
using a Cluster Tool wafer han- 
dling system (see Figure 3). As in 
the silicon industry, the cluster 
tool addresses reliability and 
throughput. Combining this with 
EPI MBE’s patented high-capacity 
Group III SUMOTM sources and 
Valved Group V sources maximis- 
es uptime.The combination of re- 
liability, throughput and capacity 
translates directly to low per- 
wafer cost in the industry”. 
EPI introduced its system to ad- 
dress the rapidly expanding com- 
pound semiconductor market 
Communication applications ac- 
counted for roughly 50% of the to- 
tal compound device market in 
1999, and are projected to exceed 
a 35% compound annual growth 
rate for the next five years. EPI has 
responded by implementing an ag- 
gressive growth strategy that in- 
cludes the introduction of the 
GEN2000, produced at EPI’s new 
5850 m* manufacturing facility in 
St Paul, MN, USA. 
EPI has a solid reputation in the 
industry It introduced the concept 
of material-specific effusion cells 
in the mid ‘~OS, followed by its 
SUMOTM and Valved Cracker de- 
signs (now industry standards). In 
addition, EPI has developed, and 
sells, a number of other important 
products for MBE, including elec- 
tronics hardware and growth-con- 
trol software. It’s Modular GENII 
System continues to dominate the 
research MBE market as well as in- 
dustrial process development ap 
plications. 
“If the shift towards silicon- 
type manufacturing is as success- 
ful for the compound semi- 
conductor industry as it has been 
for the silicon industry, we regard 
the GEN2000 as representing the 
future of production MBE. Our 
customers asked for reliability and 
high uptime, so we have intro- 
duced features such as a 50 kg ar- 
senic cell and 10 kg gallium cell. 
In fact, the GEN2000 will have the 
longest uptime in the industry, in 
excess of 300 days per year 
depending on system cotigura- 
tion. Our customers have also 
asked for convenience, so the sys- 
tem can be loaded with 182 6” 
wafers in the standard configura- 
tion (more than twice that of oth- 
er systems in the market) and be 
operated in a batch mode. The 
cluster tool also allows the flexi- 
bility to increase the loading capa- 
bility by adding additional storage 
capacity.” 
EPI currently has system orders 
not only from merchant epi-wafer 
vendors (QED) but also device 
houses such as RF Micro 
Devices and Filtronic Compound 
Semiconductors Ltd (see article, 
page 39). “These orders demon- 
strate the acceptance of EPI’s de- 
sign philosophy and solidify our 
position within the production epi 
equipment market,” concludes 
Bird. 
Limitless demand 
As one of our respondents pointed 
out, today’s market is a “virtuous cir- 
cle”. Multi-wafer epitaxy - in what- 
ever form - is making this possible 
(meaning that the phones can only 
get cheaper) so that even more pen- 
etration is achieved. This will drive 
the demand for the parts which 
make up phones, including GaAs. 
This means more epi-wafers and 
hence more MBE machines and all 
the other materials and equipment 
that needed to go with them - from 
source materials, substrates to mea- 
surement equipment and jobs. 
In the next issue we explore a 
little further how manufacturers 
will meet the challenge of wafer 
supply Collectively, these high-ca- 
pacity machines represent an un- 
precedented demand for substrates 
- perhaps as much as 100,000 per 
yearThis places a great responsibili- 
ty not only on the substrate suppli- 
ers but also on the suppliers of 
characterisation equipment re- 
quired to ensure that their quality 
meets specification. In Part Iwo, we 
will be hearing from both sectors. 
Ill-Vs Review ??Vol.13 No. 3 2000 
45 
